The deoxyfluorination reaction of -diketones with
The reaction of undecane-5,7-dione 1a with DFMBA was completed at 30 °C in 24 h and 7-fluoro-6-undecen-5-one 2a was obtained in a 79% yield as a mixture of stereoisomers (E:Z = 73:27) (Entry 1 in Table 1 ). A two equivalent of DFMBA to 1a is necessary, and with a smaller amount of DFMBA, the yield of 2a decreased considerably. As for the solvent, 1,4-dioxane, DMF, and CH 2 Cl 2 are appropriate and hydrocarbon such as hexane is not suitable for this reaction. When 1-phenylbutane-1,3-dione 1b was used, the deoxyfluorination reaction occurred regioselectively at the carbonyl group of C3 to give 3-fluoro-1-phenyl-2-buten-1-one 2b, but its regioisomer, 4-fluoro-4-phenyl-3-buten-2-one, did not form (Entry 2). Such regioselectivity was always observed in the reaction with unsymmetrical 1-aryl-1,3-alkadiones (R 1 = Ar, R 2 = H, R 3 = alkyl) (Entries 2, 4-9). In contrast, a poor stereoselectivity of the generated double bond in the products was observed in most of the cases, and mixtures of the stereoisomers were obtained (Entries 1-3, and 5-9 ).
When the diketone 1d with a bulky substituent (R 3 = tert-Bu) was used, the product (Z)-2d was obtained stereo-and regioselectively (E:Z = 1:99) (Entry 4). The reactions of diketones 1c, 1d and 1i were sluggish and required higher reaction temperatures for completion (Entries 3, 4, and 9 ). In the reaction of the diketone 1j with an -substituent, we applied a micro-wave irradiation condition without solvent to optimize the result (Entry 10). This reaction is applicable to the diketones 1e-h with a trifluoromethyl group (R 1 = Ar, R 2 = H, R 3 = CF 3 ) and 1-aryl-3,4,4,4-tetrafluoro-2-buten-1-ones 2e-h were obtained in good yields (Entries 5-8). 1-Phenyl-3,4,4,4-tetrafluoro-2-buten-1-one 2e was previously prepared from 1-phenyl-3,3,4,4,4-pentafluorobutan-1-one by elimination of HF, and used as a building-block for the synthesis of various organofluorine compounds [2a,b] . However, the starting material of our reaction, 1-phenyl-4,4,4-trifluorobutane-1,3-dione 1e, is commercially available and more accessible than 1-phenyl-3,3,4,4,4-pentafluorobutan-1-one. Therefore, our method is more useful for the synthesis of 1-aryl-3,4,4,4-tetrafluoro-2-buten-1-ones than the previous method. In the reaction of 4-tert-butyl-2-acetylcyclohexanone 1j, a double bond was formed at exo-position selectively and 4-tert-butyl-2-(1-fluoroethylidene)cyclohexanone 2j was obtained as a single isomer [13] . The presumed reaction mechanism of the present deoxyfluorination reaction is shown in Scheme 2. The -diketones 1 exist as an equilibrium mixture of keto and enol forms forms (A and B) exist, and they could give regioisomers 2 and 2' via the reaction with DFMBA, respectively. However, in the present deoxyfluorination reaction, only one regioisomer 2 was formed from the unsymmetrical diketones (1b, 1d-1i). In the chlorination of the unsymmetrical -diketones with Vielsmerer's reagent, the similar regioselectivity was observed and the selectivity was explained by the difference in nucleophilicity of the hydroxy oxygen (A > B: R 1 = Ar, R 3 = alkyl) [6] . Therefore, the enol form A is more reactive towards DFMBA than B, and the reaction proceeded through the intermediate 3 to give product 2 selectively. , and -acetoxy--unsaturated ketones [16] have been used for the reaction with dialkyl cuprates to introduce an alkyl group onto the double bond via the substitution with the hetero atom. -Fluoro--unsaturated ketones were also used for the reaction with dialkyl cuprates for the synthesis of -dialkyl--unsaturated ketones [5] . We also applied 2b and 2e to the reaction with dialkyl cuprates. The reaction of (E)-2b with Me 2 CuLi proceeded at -78 °C and 3-methyl-1-phenyl-2-buten-1-one 4a was obtained in high yield (Entry 1 in Table 2 ).
However, when Bu 2 CuLi was used for the reaction with (E)-2b, 3-methyl-1-phenyl-2-hepten-1-one 4b was obtained as a mixture of stereoisomers (E:Z = 24:76) (Entry 2). As 4b was also formed as a mixture of stereoisomers (E:Z = 30:70)
in the reaction with (Z)-2b (Entry 3), the reaction of 2b with lithium dialkyl cuprates proceeded non-stereoselectively as reported previously [5] . The reaction was performed in THF using 2 eq of R 2 CuLi. Isolation yield based on 2b. In parentheses, isomer ratio (E:Z). In the reaction of 1-phenyl-3,4,4,4-tetrafluoro-2-buten-1-one 2e (a mixture of E and Z isomers) with Me 2 CuLi, the expected product, (E)-3-methyl-1-phenyl-4,4,4-trifluoro-2-buten-1-one 5a, was obtained as a minor product, and the unexpected 4,4-difluoro-1-phenyl-3-methyl-3-buten-1-one 6a was obtained as a major product. The unexpected product 6a must be formed by the reduction of 5a with the copper reagent [17] . The result was not dependent on the stereochemistry of the starting material 2e, and from pure (Z)-2e, the same result was obtained.
In the reaction of 2e with Bu 2 CuLi, 4,4-difluoro-1-phenyl-3-butyl-3-buten-1-one 6b was also obtained in a 64% yield,
whereas (E)-3-butyl-1-phenyl-4,4,4-trifluoro-2-buten-1-one 5b was formed as a minor product (8% yield). 
Conclusion
We performed the reaction of DFMBA with various -diketones including trifluoro diketones and obtained the -fluoro--unsaturated ketones in good yields. The reaction proceeded regioselectively and only one regioisomer was obtained from the unsymmetrical diketones. The resulting -fluoro--unsaturated ketones were used for the alkylation reactions with lithium dialkyl cuprates.
Experimental

General
The melting points were measured with a Yanagimoto micro melting-point apparatus. The IR spectra were recorded using a JASCO FT/IR-410. 
Reaction of -diketones with DFMBA
7-Fluoro-6-undecen-5-one (2a)
A mixture of undecane-5,7-dione 1a (184 mg, 1 mmol), DFMBA (426 mg, 2 mmol), 
3-Fluoro-1-phenyl-2-buten-1-one (2b)
The reaction was carried out as described above using 1-phenylbutane- 
3-Fluoro-1,3-diphenyl-2-propen-1-one (2c)
The reaction was carried out as described above using 1,3-diphenylpropane- 
3,4,4,4-Tetrafluoro-1-phenyl-2-buten-1-one (2e)
The reaction was carried out as described above using 
3,4,4,4-Tetrafluoro-1-(furan-2-yl)-2-buten-1-one (2f)
The reaction was carried out as described above using (brs, 1F).
3,4,4,4-Tetrafluoro-1-(thien-2-yl)-2-buten-1-one (2g)
3,4,4,4-Tetrafluoro-1-(naphth-2-yl)-2-buten-1-one (2h)
The reaction was carried out as described above using Then, the reaction mixture was submitted for 30 min to micro-wave irradiation and during the irradiation, the temperature was kept at 90 °C. After cooling, the reaction mixture was poured into sat aq NaHCO 3 . The product was extracted with ether (20 mL X 3) and the combined ethereal layer was dried over 
4-tert-Butyl-2-(1-fluoroethylidene)cyclohexanone (2j)
The reaction was carried out as in the case of 2e using 4-tert-butyl-2-acetylcyclohexanone 1j in CH 2 Cl 2 at 30 °C for 12 h. Purification by column chromatography (silica gel/hexane-ether) gave 2j in 74% yield as a single isomer [13] 
Reaction of 2e with lithium dimethyl cuprate
The reaction was carried out as in the case of 4.3.1. using 2e to give (E)-4,4,4-trifluoro-3-methyl-1-phenyl-2-buten-1-one 5a and 4,4-difluoro-3-methyl-1-phenyl-3-buten-1-one 6a. Hz, 3H). 
. Reaction of 2e with lithium dibutyl cuprate
The reaction was carried out as in the case of 4.3.2. using 2e to give (E)-3-trifluoromethyl-1-phenyl-2-hepten-1-one 5b and 4,4-difluoro-3-butyl-1-phenyl-3-buten-1-one 6b. The yield of 5b (8%) was determined by 19 F NMR using fluorobenzene as an internal standard and the yield of 6b (64%) was obtained after isolation by column chromatography (silica gel/hexane-ether), 
